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@) Consolidatable particulate material and well treatment method. 




A subterranean zone located in a well is 
treated by injecting a treating composition into 
the well to place the treating composition in the 
subterranean zone, the treating composition 
comprising a gelled carrier ; a particulate ma- 
terial ; an epoxy resin system including at least 
one epoxy resin ; and a finely-divided hardening 
agent which, when dissolved, is operable for 
hardening the epoxy resin, the finely-divided 
hardening agent being dispersed In the epoxy 
resin system. The finery-divided hardening 
agent is maintained under conditions such that 
prior to injecting the composition into the wed, 
the finely-divided hardening agent does not 
substantially dissolva 
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(g) Consolidatable particulate material and well treatment method. 



@ A subterranean zone located in a well is treated by Injecting a treating composition Into the well to 
place the treating composition in the subterranean zone, the treating composition comprising a gelled 
carrier; a particulate material; an epoxy resin system including at least one epoxy resin; and a 
finely-divided hardening agent which, when dissolved, is operable for hardening the epoxy resin, the 
finely-divided hardening agent being dispersed in the epoxy resin system. The finely-divided hardening 
agent is maintained under conditions such that, prior to injecting the composition into the well, the 
finely-divided hardening agent does not substantially dissolve. 
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The present Invention relate* to e method ol treating a subterranean formation using a consotirjatabie 
epoxy resin-coated particulato material. . ^ heretofore in various well treat- 

ment operations. Omh^ ^JJ^ formations within subterranean zones, and as pro^ 
for the development of corrtroled pem^i^ s^weu Disability and compressive strength 
— ♦ in formation fracturing operations. Due to their <»™ P 8 ™" * ^ tnMltinfl 



especially well-suited 



to 



15 



20 



25 



30 



35 



sST^^ to a pa ^ate 

A, used herein ^etenn ^^XXSS^Sm ream composition. Typicaly. the con- 
material which is ""J^ 8 ^^ subterranean zone using procedures 

solidatable epoxy resir^coated P^iSSSCTu^ after the particulate material has been delivered 

TcX harden within the formation to form a. '^^t^CpaTulate materials are dfcdosed. 

resincoated particulate materials. In the method d ^Pato nt re8in composition, 

rier liquid is continuously mixed with ^^^2^^^^ anUoW*** Into a dedred 
and a surface active agent The resuttlngc^thuous «^^ 8 ™™ towanJ ^ Jterranean zone, the 
subterranean zone. As the materia, is coated with 

composition Ingredients are *«ougWy mixet ' ^ h8t ^^^b^ean zone, the epoxy resin conv 

^ThXtenableepoxyre^^ 

SSS Tan^n^orT^ dteaotved in a sutabte aorvent or (b, a liquid eutect* mature of 

amines diluted with methyl disclosed In U.S. Patent No. 5.128.390 are not well- 

Unfortunately, well treatment methods rf ' h ^ y ^ ( J^ |datod epoxy /hardener compositions of the 
suitedfor use in high .emp^ur. ^^^^^l^Xtend temperaturessu^ntiaHy 

rS!S™-2^— « — n » — * 8Ubte,ranean 

formations. o*n*nikiatabls resincoated particulate material and method which can 

b . jst: :^zz:z^^:^ jsl ( ,... — - ^ 

temperatures exceeding abou^ F^ h(WWfoforfl as a hardener in certain epoxy resin composl- 



40 Diarrtiiodiphenyb.^^ resistence and high chemical resistance properties. Atamwem 

tlons. DOS generally provdes ^^^^^^^J^^ disaoh/e in most of the solvents and/or 
conditions. DOS fa an epoxy resin, the blend components 

diluents used In, ^J^^Z^tZ DOS to be disserved in the epoxy resin system, 
must typically be heated suffWentry menaae uw the use of DDS as an epoxy 

45 In view of the difficulties The heating and blend- 

res., hardener in ^^^^Te^r^Ty^ ^ econornSiy and con- 

lnfl "T^^Z S AdS^^Te^^ ^sibie to perform the blending operation 

harden before it ^ ^ delivered to the well site is simply wasted. 

^^Z^S^^S^Z a subterranean formation using an epoxy restated partt> 

* U,3te A^rC-nt invention, there * provided a method of treating a subterranean zone in a we*, 
which method comprises thestepsof: _ imposition in the said, subterranean zone; 
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including at least one epoxy resin, and a finely-divided hardening agent which, when dissolved, is operable 
for hardening said epoxy resin, at least a portion of said finely-divided hardening agent being dispersed 
in said epoxy resin system; and 

(b) maintaining the finely-divided hardening agent under conditions such that, prior to injecting the com- 
position into the well n accordance with step (a), the f inely-dfvkJed hardening agent is not substantially 
dissolved. 

One preferred fkieiy crvnjec hardening agent for use in the invention is 4,4'-diaminodiphenylsulfone. 

The present invention r**oives various problems encountered heretofore in the use of DDS and similar 
high temperature harden*^ agents. The components of the well treating composition can be conveniently and 
economically blended at the wel site using standard mixing techniques and devices. Since the finely-divided 
hardening agent used in the nventive composition does not substantially dissolve until after the composition 
is pumped into the well, there a very little chance that the epoxy resin component of the composition will sig- 
nificantly harden before the composition is properly placed downhole. Once in place, the composition consol- 
idates to form a hard permeable mass having a significantly higher compressive strength and a substantially 
higher fracture conductivity than does uncoated sand. Thus, the composition and method are well-suited for 
use in gravel packing operations, fracturing procedures, and other such well treating techniques. 

If desired, the epoxy resin and finely-divided hardening agent components of the inventive composition 
can be premixed to provide a one package epoxy system having a desirably long pot life. The inventive one 
package epoxy system will not substantially harden until the temperature of the system is raised sufficiently 
to cause a significant amount of the finely-divided hardening agent to dissolve. When, for example, the finely- 
divided hardening agent used in the inventive one package system is 4,4 v -diaminodlphenytsulfone, the one 
package system can typically be stored for more than 25 days at temperatures not substantially exceeding 
75° F. 

Further objects, features, and advantages of the present invention will be readily apparent to those skilled 
in the art upon reading the following description of the preferred embodiments. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As indicated above, the inventive well treating composition comprises: an epoxy resin system; one or more 
finely-divided hardening agents which, when dissolved, is (are) operable for hardening the epoxy resin system; 
a gelled carrier; and a particulate material. The inventive well treating composition can optionally include one 
or more members selected from the group consisting of: a solvent or solvent system for the epoxy resin system; 
a diluent or diluent system for the hardening agent; one or more coupling agents; one or more compounds which 
are operable for orosslinking the epoxy resin system; various surfactants; hardening rate controllers; methanol; 
and one or more aliphatic alcohols. 

The epoxy resin system used in the inventive well treating composition is composed of one or more epoxy 
resins which (a) will coat the particulate material when the particulate material is suspended in the gelled carrier 
and (b) will harden when placed downhole such that the epoxy resin-coated particulate material is thereby con- 
solidated to form a hard permeable mass. Examples of epoxy resins preferred for use in the present invention 
include: the diglycidyi ethers of bis phenol-A; the diglycidyl ethers of bisphend-F; the glycidyi ethers of amino- 
phenols; the glycidyi ethers of methyl enedianiline; and epoxy novolac resins. The epoxy resins used in the in- 
ventive wel treating composition will preferably have epoxide equivalent weights (EEW) in the range of from 
about 90 to about 300. The EEW of an epoxy resin is determined by dividing the molecular weight of the epoxy 
resin by the number of epoxide groups contained in each molecule of the epoxy resin. 

The epoxy resin system used in the inventive well treating composition can also include a solvent or solvent 
system. When used, the solvent or solvent system will preferably be included in the epoxy resin system in an 
amount sufficient to ensure that the viscosity of the epoxy resin system does not substantially exceed about 
5000 centipoise at 75° C. Examples of solvents suitable for use in the epoxy resin system include polar organic 
diluents which are reactive with epoxide and potyepoxide resins; polar organic diluents which are substantially 
nonreactive with epoxy resins; and mixtures thereof. Examples of suitable reactive polar organic diluents in- 
clude: butylglyctdylether; cresdglytidyiether; aikylglycidyl ether phenylglycidylether, and generally any other 
glycidyi ether which is miscible with the epoxy resin(s) used. Examples of substantially nonreactive polar or- 
ganic diluents suitable for use in the epoxy resin system are disclosed in VS. Patent No. 5,128,390. Preferred 
nonreactive polar organic diluents include: ethytacetate; butyl lactate; ethyl lactate; amy! acetate; ethylene gly- 
col diacetate; and propylene glycol diacetate. 

When possible, any solvent used in the inventive well treating composition will preferably be a material in 
which the finely-divided hardening agent will not substantially dissolve at ambient conditions. 

The epoxy resin system is present in the inventive well treating composition in an effective amount for con- 
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, , . „ . arH ruMmAAbki mass TvoteaBy, the amount of epoxy resin system 

soHdatlng the ^^^^1^^.^ about 1 to about 20 pounds 
used in the Inventive compostion ^^^SX the epoxy resin system consists es- 

of epoxy resin par 100 pounds ^^^^^Z^^^ 1 .4-butanedio. d^yddyi 
sentially of s mixture of N.NX.N-^V^ 1 ^ oompoeillon will preferably be an amount pro- 
, ether, the amount of epoxy ^/ 9 ^^^^^^n^M0O pound, of particulate material, 
vkling in the range of <™^™.*^^^^Z^*£can generally be any hardening agent 
The hardening age* used in ti^^ ^ in the epoxy resin system; (o) 

which: (a) can be ^^^^^^^^ZL prk* to being Injected Mo a wel; 
can be maintained under ^^^.^^^lo^^ system. The hardening agent is preferably a 
ro and (d) win 0 ^^^^X riSn £££ (a) exhibit, substantially higher corn- 
material which will provide a ^^^^J^iTman does uncoated sand and (b) substantia^ retains 
P— 8 ^CS^ P S^^ the hardening agent fc an agent 
£ SK?. ^n^e^ln'ccxnpo.^ whfch . we.-suUed fc, use at temperature. ,n the range 

1$ of from about 200° F to about 350° F. ^ f in ^ e present invention include: 4,4--dia- 

Exam^offln^M^^ 4,441. ^phenylened-methyl 
minodiphenylsulfone. ^■ d * n, r?5^^ 

assess 

ao for use in the present ln ^^' . . ^ inventive well treating composition is 4.4'-dlaminodi- 
The hardenteg agent mo* ™ t epoxy re9ln systems is typically very low. Add,- 

phenytsulfone (4,4 -DOS). The soiuoiiKy w iv . . UMof4 4 -.DDS are highly temperature-re- 

tionSy. hardened ^^^^Z^Z^^^ <™« ^ h * 8 « « 4 ' 4 '' 
sistant and chemical-resistant Further, hardened epoxy rem about 350" F. Moreover. 

2S DOS are particularly well-suited for ^^'^7^ low health risk, 

in comparison ^J^^Z^^^Z invent- treaty composition is an amount 

The amount ^^^^ m"!™* « h W "» hardenin9 ^ * *" 

which, when d^ed » e^^to hardening^ included in the inventive compo- 

inventive composition is finely-divjded4,4JDDS^saM4^^ ^ ^ resin . 
so sition in an amount in the range of from about. 25 flto. about 45m B JJ" ™£ ha Teafeea in the range of from 
The.ndMdua. P^ea of the finked ^^^^^^^ by grindin^th. hard- 
about 1 to about 100 microns. Such particulate materials can ™> 

ening agent in a milL /^^i^wh/irted hardanma aaent can be added to the well treat- 

.nordertotedlitetocom^ jn formWig hardening agent 

35 ing composition in a slurry form. * ^ tactat ., ^.ne. xylene, isoamyl alco- 



isopropyi 

possible, 



40 



Generally anygwin»-y- ^ preferred for use in the present invention are 



preferred 

to about 4,000,000. Polysao- 



45 



polysaccharides^ving nxxec^iar 



suited for usein the present ^^3^ an ^cf,anxWs conducive to the formation of a 
or other substtuents which provide water a Fann V .G. meter at 300 rpm. Examples 

of polysaccharide polymers preferred ™J^*™™J\ caiboxymethyl hydroxyethyl cellulose); guar 
» boxyandhydroxyalMcellulose(e.g..hydro^ 



hydroxy propyl guar). 
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be an amount in the range otfrom ^out ^ » ytecosty in the range of from about 10 centipo.se to 
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50 pounds of hydroxypropyt guar gelling agent per 1000 gallons of water and has a viscosity in the range of 
from 15 to about 100 centipobe. 

The gelled aqueous carrier liquid can also include one or more gel crosslinking agents. Examples of gel 
crosslinking agents preferred for use in the present invention include: titanium lactate; titanium triethanolamine; 
aluminum acetate; magnesium oxide; and zirconium salts. 

The inventive well treating composition preferably also includes one or more gel breakers. The gel breakers 
preferred for use in the inventive composition are materials which are operable for breaking the aqueous carrier 
gel, and thereby reducing the viscosity of the aqueous carrier liquid, at a time substantially corresponding to 
the placement of the inventive composition in a desired subterranean zone. When the carrier liquid gel is brok- 
en, the carrier liquid readily separates from the remainder (i.e., the epoxy resin-coated particulate portion) of 
the well treating composition. As a result, the epoxy resin-coated particulate material is allowed to consolidate 
and thereby form a hard permeable mass in the subterranean zone. 

When the gelling agent used in the inventive composition is a substituted cellulose-type gelling agent the 
gel breaker used will preferably be an enzyme-type gel breaker (e.g., ceilulase) or an oxidant such as sodium 
persulfate. When the gelling agent used in the inventive composition is a substituted guar gelling agent, the 
gel breaker will preferably be a hemicellulase or an oxidant such as sodium persulfate. 

The particulate material used in the inventive composition can generally be any proppant or other water- 
insoluble particulate material of the type used in fracturing, gravel packing, and similar well treating operations. 
Examples include: sand; glass beads; nutshells; metallic pellets; gravel; synthetic resin pellets; gilsonite; coke; 
sintered alumina; mullite; and combinations thereof. The particulate material used in the present invention is 
most preferably sand. The particulate material will preferably have a particle size distribution in the range of 
from about 10 to about 70 mesh, U.S. sieve series. 

The amount of particulate material used in the inventive composition is preferably an amount in the range 
of from about 2 to about 20 pounds of particulate material per gallon of the gelled aqueous carrier liquid. Most 
preferably, the amount of particulate material used in the inventive composition is an amount in the range of 
from about 3 to about 15 pounds of particulate material per gallon of gelled carrier liquid. 

One or more coupling agents can optionally be used in the inventive composition to facilitate the coupling 
of the epoxy resin(s) with the particulate component of the inventive composition. Coupling agents preferred 
for use in the inventive composition are functional silanes. The coupling agent used in the inventive compo- 
sition is preferably a N-beta-(aminoethyl)-gamrra-aminopropyltrimethoxysilane. The amount of coupling agent 
used in the inventive composition will preferably be in an amount in the range of from about 0 to about 2 parts 
by weight per 100 parts by weight of epoxy resin used in the inventive composition. 

As will be understood by those skilled in the art, hardening rate controllers (i.e., retarders or accelerators) 
can be used to extend or shorten the time necessary for curing the epoxy resin composition. Examples of re- 
tarders suitable for use in the present invention include low molecular weight organic acid esters (e.g., alkyl 
esters of low molecular weight alkyl acids containing from about 2 to about 3 carbon atoms). Examples of ac- 
celerators suitable for use in the inventive composition include: 2,4,6-tris dimethyiaminomethylphenoi; the 
ethythexanoate salt of 2,4,6-tris dimethyiaminomethylphenoi; and weak organic acids such as fumaric acid, 
erythorbic acid, ascorbic acid, and maleic acid. Any hardening rate controller used in the present invention will 
preferably be present in an amount in the range of from about 0 to about 10 parts by weight per 100 parts by 
weight of epoxy resin used in the composition. 

The inventive well treating composition can further include one or more surfactants which enable the 
epoxy resin system to rapidly coat the particulate material. Examples of such surfactants suitable for use in 
the present invention and desirable concentrations thereof are disclosed in U.S. Patent No. 5,128,390. 

In order to further facilitate the coating of the particulate material, the inventive composition can also in- 
clude an aliphatic alcohol which is only slightly water-soluble. Examples of preferred aliphatic alcohols include 
isoamyf alcohol and isohexyi alcohol. When used, such alcohols are preferably present in the inventive com- 
position in an amount in the range of from about 1 to about 2.5 gallons per 1000 gallons of gelled aqueous 
carrier liquid. 

As will be understood by those skilled in the art and as explained in U.S. Patent No. 5,128,390, the inventive 
composition can also include other surfactants which operate as oil-water demuisif iers, foaming agents, and 
the like. 

The inventive well treating composition can be conveniently formed at the well site. In forming the inventive 
composition, the geded aqueous carrier liquid b preferably first prepared by combining the gelling agent with 
water. The resulting gelled aqueous carrier is then preferably conducted to a continuous stream mixing tub or 
other commonly used continuous mixing apparatus. In the mixing tub, the remaining components of the in- 
ventive composition are continuously added to and mixed with the gelled aqueous carrier liquid. As the com- 
ponents are mixed, the resulting mixture is continuously drawn from the mixing tub and injected into the well 



EP0643196A2 



^^^^ 

K^STS ^Poxy nXystom; and (d) the part.cu.ate materia, is thorough* coated 

"Tore^i^ ^ composition » Injected into aw., 

under to torre fractures , a subterranean formation. The ^^^^f^ 

deratta and consolidate* « these fractures to provide fluid-permeable flow paths within he formation 

^ ar^r^nZLnt of th. invents method, the inventive wel treating compos ton is used in an other- 
w grave, paci.ng operation, in the inventive grave. ^^^^^SZ 

ino comoositton is delivered, tor example, to an open subterranean zone (e.g.. an underreamed wel bore) sur- 
^S?sSeenina devce (e.g.. a perforated liner wrapped with a wire screen) whereby the reshvcoated 
SrS m^!Cs?s ano con^idates around the screening device to form a hard, fluid-permeabto 

""^'desired, the epoxy res« system and fmrty-divided hardening agent components 
oositkm on be premixed to form an inventive one-package epoxy system. Thus, a large batch of the inventive 
oCa^e '^system can be prepared and stored at a desired location. Portions of the one-package 
oufttMn can than bo delivered, when needed, to one or more well sites. 

^on^toWent the inventive one-package system from hardening, the system fcmjtinteto* .under tern- 
oJtumcxmdtttona such that the finely-divided hardening agent does not substantially dissolve In theepoxy 
^sy^ Consequently, the finely-divided hardening agent used in the present invention wlH preferaWy 
STT hSngaJ^whkS will not substantial* dissoive In th. epoxy resin system at temperatures of up to 

8t '^on^todlment of the present invention, the inventive one-package epoxy system is prepared e sub- 
stantia, oeifod (e.g.. at least one day) in advance of the time that the inventive wet. treating composrtion con- 
^£m££a system is to be injected into a we... When the hardening agent used the inventive 
ote^fl^Ln to 4,4'-DDS. the one-package system can generally be stored at temperatures not ex- 
c^C^sTfora period of more than 25 days. Substantia. dtoeototton of the 4^DDS hardening agent 
tvoicalv will not occur until the temperature of the epoxy resin system is raised to about 9V r. 

^roughout th. inventive well treatment method, the finely-divided hardening agent* preferably main- 
tained under temperature conditions such that the hardening agent dose not substantially d,ssorve .nthe epoxy 
«C^uTiuZ the inventive we., treating composition is injected into the wel. When the inventive com- 
oosition is exposed to the elevated temperatures existing in the subterranean zone, the f inely-dMded hard- 
ening agent dteeotves in the epoxy resin system and then operates to harden the epoxy resin whereby the resin- 
coated particulate materia, forms a hard, consolidated, permeable mass. 

The folowing examples are presented in order to further illustrate the present invention. 

EXAMPLE. 

The viscosity development characteristics of an epoxy resin system at 100° F and 120° F were evaluated 
over several davs The epoxy resin system consisted of 66 grams of MY0500 (a digJycidy. ether of para- 
aTnJnS avSabto frornCIBA GeST Corporation) mixed with 7.92 grams of 1.4-butanedto I 
efrerThe results of these testa are provided in Table 1 . The results indicate that the epoxy ream system w* 
underao serf-poWmerization at elevated temperatures without the addition of a hardening agent Sue* seff- 
pCnertzatonte^ 
resin ynjotecuie 

In view of these results, it is apparent that the epox esin used in the inventive composition wil preferably 
be a resin which will not substantia^ self polymerize mbient conditions prior to the time at which the in- 
ventive composrtion is property placed in the desired a- terranean zone. 
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TABLE 1 

viscosity* (cm) aw nam i p o™ RBSIM SYSTBI 



VlacoBitv at CP) 

Da y* 100'P 120 8 F 



0 


80000 


72000 


1 


76000 


72000 

w ^0 


2 


76000 


72000 


3 


80000 


76000 


5 


92000 


80000 


6 


80000 


80000 


7 


80000 


80000 


8 


76000 


80000 


9 


76000 


80000 


10 


80000 


80000 


11 


92000 


88000 


12 


88000 




15 


80000 




20 


80000 




25 


88000 




30 


92000 




36 


108000 





* Measured with RVT Brookfield viscometer at 1 rpm with 
spindle #4. 

EXAMPLE II 

55.44 g of 4.4*-DDS powder in 4 ml of butyl lactate were mixed with 98.6 g of an epoxy resin system identical 
to the epoxy resin system tested in Example I. The resulting dispersion was divided in four portions. Portions 
1, 2, 3. and 4 were maintained, respectively, at room temperature (i.e., about 75° F), at 90° F, at 100° F, and 
at 120° F. The viscosity of each composition was monitored over a number of days. 

As indicated in Table 2, the dispersion maintained at room temperature did not substantially harden during 
the entire 26 day testing period. The compositions maintained at 90° F and 100° F t on the other hand, under- 
went significant hardening after four days and two days, respectively. 

Thus, the one-package epoxy system tested in this Example would appear to have a relatively long pot 
life when stored at temperatures not substantially exceeding 75° F. 
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3*000 




36000 




3 €000 




34000 




44000 




44000 




40000 




40000 




40000 




20000 


10 


20000 


11 


20000 


12 


20000 


13 


20000 


14 


20000 


IS 


16000 


26 


16000 



40000 
36000 
20000 
36000 
32000 
44000 
44000 
72000 
••000 
112000 
240000 
256000 
400000 
600000 
1472000 
1600000 



16000 
24000 
16000 
24000 
24000 
20000 
32000 
36000 

• 0000 

• 0000 
160000 
232000 
432000 
944000 

1600000 



32000 
40000 
64000 
160000 
640000 
1600000 



tU*«ur*d with RVT Brookf told vi»ca 
loo. tMMraturt (i.e. about 75- F) . 



tor at 1 



with •plndla 04 



EXAMPLE III 

Numerous one-package epoxy systems were prepared by mixing powdered 4,4'-DDS with various epoxy 
resin systems The compositions of these one-package systems are set forth in Table 3. in some cases, the 
^^s.The ^ jn ^ Wend|ng ^ a powered 4,4'-DDS/methanol slurry. 

Each of the one-package epoxy systems was used to coat a sand material suspended «n *™™'**«* 
instance, the resin mixture in question was added to an amount of the sand/camersuspens»nand the resUbng 
composition was blended for 3 minutes using an overhead stirrer. The sand/carrier used in each case contained 

8 oounds of sand per 100 gallons of carrier liquid. 

Following the coating procedure, each of the resin-coated particulate materials was cured. Table 4 provides 
the curing conditions used in each case as wel as the type of sand used, the amount of one-package system 
used per sack of sand, and the carrier liquid used in each case. 

Following the curing process, the compressive strengths, glass transition temperatures, and me« temper- 
atures of the resulting consolidated materials were determined. These properties are provided m Table 4. 

As indicated in Table 4, the one-package epoxy/DDS dispersions provided by the present »nvenbonwere 
effective for coating suspended sand and for providing consolidated materials having compressive strengths 
substantially exceeding the compressive strength of uncoated sand. 

The glass transition temperature (Tg) of a cured epoxy resin generally indicates the upper useful temper- 
ature limrt of the cured resin. As indicated in Table 4. almost all of the hardened compositions prepared In this 
Example had glass transition temperatures exceeding 200- F. Several of the hardened compositions exhibited 
niass transition temperatures approaching or exceeding 350° F. 
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1 « mL of r4-beta-{aminoemyl)-g^^ grams of HT976 and 11.55 mLof 

£££ 2*0 anover head stirrer. A first portion of this composite was used to 

XI ^Lh SSwa Sac sand at a Concentration of 0.5 gallons of the one-package epoxy system per 100 
coat 20/40 mesh ° t ^^ l ^T a ™ t ^^ adMM was used to coat 20/40 mesh Ottawa f rac sand 

"I- SKSSSJSS^ 100 lb. sack of sand. The procedure used 

at a < ^^^.^^^e^^^ySm hwdved the steps of. suspending the sand in 
r Q 2^^C«* of fpc^of sand per 1 00 gaUon. of gelled liquid; adding 

Z^ck^e SoTsyLn to the sarrd/carrier liquid suspension; and blending the resulting compos**, 
l a^te^gToSad mixer. The geled carrier liquid had a pH I of 9.5 and was «^"» £ 
oThydm^pyl £ar per 1000 gallon, of aqueous liquid. The aqueous liquid used was an aqueous 2% KC1 

^tTcri of the resin-ccated sand composes was cured for 24 hours at 275° F and 1000 psi dosurs pressure 

%^Z^9^re. waterflow was inflated through each of the conductivity cells and the con- 
Following tnecu^pro^ . conductivities for each of the materials were then 

re ^co^!so 5 n purposes, the fluid conductfvty of uncoated 20/40 Ottawa sand was also defined I at 
, ^f^^tSoesi 4000 pel and 6000 psi. The results of these tests are also shown m Table 5. 
^iS^ TaTs^sZ ctd^MdesoTth. consented material Prepared using , the invents 
nnJelctaS eooxy system substantially exceeded the fluid conductivities of the uncoated sand. 

rr^n^^he^conductlvlty test, each of the consolidated compositions remained consolidated. 
J^Z^Z^J** Indicated that the hardened epoxy surface coatings formed In each 
case were not in any way substantially disrupted by the high pressure now tests. 

TABLE 5 



Stress (psi) 



PPACTURE CONDUCTIVITY DATA 



Conductivity (md-f t) 



1000 
4000 
6( 



.375 gal/sack . 

5385 
4225 
3029 



.5 gal/sack 
5614 



2416 



No Resin 



4231 



2422 
950 



EXAMPLE V 

A dispersion consisting of 41 .58 grams of HT 978 powder, 66 grams of MYO500. 7.92 grams of RD-2 .and 
- m lJl^Mtectate was prepared by mixing with an overhead stirrer. 1.5 millliters of N-beta-(am«ioe. 
l^Z^^ZeL^cou^ agent and 11.55 milliliters of methane, were added to the 

AVanminn and mixed therewith using said overhead stirrer. 

To^lf^^ used to coat 20/40 mesh Ottawa f rac sand in an amount of 0.5 oalons 

of mtu^ oer 1 00 Ib^ckof sand. A second portion of the mixture was used to coat 20/40 mesh Ottawa f rac 
^^ZwtafW galons of mixture per 1 00 lb. sack of sand. During the sand coating process, the 
^ rr^nded in an aqueous gei having a pH of 9.5 and consisting of 40 pounds of hyd^pr^ar 
^MOM orfoneof aqueous 2% KC1 solution. In each case, the sand/geBed earner suspension consisted of 
Hound. oTsTnd per 100 galons of the gelled aqueous carrier liquid. The sand coating procedure used was 
*«u«itialv identical to the coating procedure described in Example HI. 

oHn^in^ sand compositor- was cured in sn API linear conductivity eel for 20 hours at. 
* m f After hardening, each of the consolidated materials had a compressive strength of 1 300 
oTeT^F * ^k^pre^^eoo P* the 0.5 gaHon per sack material exhibited a flow cavity 
of rnd£ inJrea^e O^aton per sack material exhibited a flow conductivity of 3000 md-f t Since^s 
I^T^^Zm conduA of uncoated 20/40 meeh Ottawa ^^^^^Z 
To^SO md-f i the hardened inventive compos**, exhibited fracture conductrvsie. substantially exceed- 
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ing the fracture conductivity of uncoated sand. 
EXAMPLE VI 

5 Twelve epoxy novdac based one-package epoxy systems (I.e., resin system compositions 29-40) having 
the compositions set forth in Table 6 were prepared. Resin system compositions 29-33 were prepared by mixing 
together 19 g of SU 2.5, 3.3 g of HELOXV 5044, 1 mL of ED-1, and 7.56 g of HT 976 for 150 minutes using a 
mechanical stirrer. To this mixture was added 0.5 mL of A1120 followed by 15 minutes of additional stirring. 
Next 3 mL of methanol were added followed by 5 additional minutes of stirring. The resulting mixture was then 

10 used, in the amounts set forth in Table 6, to coat 20/40 mesh Ottawa sand in an aqueous gei carrier. 

Resin system compositions 34*36 were prepared by mixing together 19 gofSU 2.5, 3.3 g of HELOXY 5044, 
1 mL of ED-1 , and 0.5 mL of A1 120 for 15 minutes. Next 7.56 g of HT 976 dispersed in 7 mL of methanol were 
added followed by one minute of additional stirring. The resulting mixture was then used in the amounts set 
forth in Table 6 to coat 20/40 mesh Ottawa sand in an aqueous carrier gel. 

is Resin system compositions 37-40 were prepared by mixing together, in the amounts set forth in Table 6, 
SU 2.5, MELOXY 5044, and A1120 for 15 minutes using a mechanical stirrer. A second composition containing 
HT 976, ED-1, and methanol in the amounts set forth in Table 6 was prepared by mixing these components 
together for 1 0 minutes using a mechanical stirrer. The second composition was added to the first composition 
and the resulting mixture was stirred for one minute. The final stirred mixture was then used in the amounts 

20 set forth in Table 6 to coat 20/40 mesh Ottawa sand in an aqueous carrier gel. 

The gelled aqueous carrier liquid used in each case contained 40 lb. of hydroxy propyl guar per 1 000 gallons 
of aqueous liquid (i.e., 2% aqueous KCI solution) and had a pH of 5. In each case, the sand/carrier liquid sus- 
pension used consisted of 500 g of sand per 555 mL of gelled aqueous carrier liquid. 

In each case, the sand was coated with the resin composition by mixing the resin composition with the 

25 sand/carrier suspension using an overhead stirrer. Following the coating procedure, each of the resin coated 
sand materials was packed in a separate glass tube and cured in an oven. The curing conditions used, as well 
as the compressive strengths and glass transition temperatures exhibited by the cured materials, are recorded 
in Table 6. 

As indicated by the compressive strength and glass transition temperature characteristics exhibited by 
30 compositions 29-40, these epoxy novdac based resin systems provided consolidated materials which were 
well-suited for use at temperatures exceeding 300° F. 
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Claims 

1. A method of treating a subterranean zone in a well, which method comprises the steps of. 

(a) injecting a treating composition into the well to place the composition in the said, subterranean zone; 
wherein the treating composition comprises a gelled carrier, a particulate material, an epoxy resin sys- 
tem including at least one epoxy resin, and a finely-divided hardening agent which, when dissolved, is 
operable for hardening said epoxy resin, at least a portion of said finely-divided hardening agent being 
dispersed in said epoxy resin system; and 

(b) maintaining the finely-divided hardening agent under conditions such that, prior to injecting the com- 
position into the well in accordance with step (a), the finely-divided hardening agent is not substantially 
dissolved. 

2. A method according to claim 1 , further comprising the step, prior to step (a), of premixing the finely-divided 
hardening agent with the epoxy resin system. 

3. A method according to claim 2, wherein the finely-divided hardening agent is premixed with the epoxy 
resin system at least one day prior to step (a). 

4. A method according to claim 2 or 3, wherein said finely-divided hardening agent is premixed with said 
epoxy resin system by mixing with said epoxy resin system a slurry comprising the finely-divided hard- 
ening agent and a carrier liquid. 

5. A method according to claim 4, wherein the carrier liquid is methanol, ethanol, isopropyl alcohol, ethyl acet- 
ate, butyl lactate, toluene, xylene, isoamyt alcohol, isohexyl alcohol, or any mixture of two or more thereof. 

6. A method according to any of claims 1 to 5, wherein the epoxy resin system further includes at least one 
solvent 

7. A method according to any of claims 1 to 6, wherein the treating composition is prepared byu 

(i) adding the particulate material to a substantially continuous stream comprising water and a gelling 
agent; and 

(ii) adding the epoxy resin system and the f inely-divided hardening agent to said continuous stream. 

8. A method according to any of claims 1 to 7, wherein the finely-divided hardening agent is 4,4-diamino- 
diphenylsulfone. 

9. A method according to any of claims 1 to 8, wherein said subterranean zone is a subterranean formation 
and said treating composition is injected into the well under sufficient pressure to fracture the subterra- 
nean formation. 

10. A method according to any of claims 1 to 9, wherein the treating composition is injected into the well such 
that the particulate material is coated with the epoxy resin system and the finely-divided hardening agent, 
and the coated particulate material is deposited in said subterranean zone around a screening device. 



21 



THIS PAGE BLANK obpto) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

4 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

f 

□ FADED TEXT OR DRAWING 
□^BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHmiT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



THIS PAGE BLANK (uspto) 



